The Yinyan Sn deposit, one of the three typical porphyry Sn deposits in China, is located in the western Guangdong province of the Cathaysia Block. Rhenium and osmium isotopes of molybdenites from the Yinyan deposit were first used to constrain the age of mineralization. Rhenium concentrations in molybdenite samples range from 0.13 to 1.3 μg g À1 , indicating a crustal source for the ore-forming materials. The
Introduction
Most of the primary tin deposits of the world occur in or adjacent to intrusive granitoids (Groves & McCarthy, 1978) , although lavas and/or subvolcanic felsic intrusives may be important hosts to tin mineralization (Sillitoe et al., 1975; Taylor, 1976) . The majority of deposits are confined to Palaeozoic, Mesozoic or Tertiary orogenic belts (Itsikson, 1960) , particularly around the Pacific margin (Hosking, 1970; Mitchell & Garson, 1972) . South China is famous for its large-scale magmatism and mineralization in the Mesozoic, with more than 50% of the world's W and Sb reserves and 20% of the world's total Sn reserves, all of which rank No.1 in the world (Sun et al., 2012) . The Yinyan deposit is one of the three typical porphyry Sn deposits in China, located in the western Guangdong province of the Cathaysia Block (Fig. 1) .
Accurate and precise age determination of mineralization is critical in understanding the timing of oreformings as well as for providing indicators for mineral exploration (Yuan et al., 2008a) . During recent decades, direct isotopic dating of ore minerals has received increasing attention (Mao et al., 1999 (Mao et al., , 2002 (Mao et al., , 2006 Yuan et al., 2008b Yuan et al., , 2015 Zheng et al., 2013a, b) , especially Re-Os dating of molybdenite is a well-established method for obtaining ages for intrusion-associated mineralization (Stein et al., 2001; Mao et al., 2002) . This study firstly reports Re-Os ages of molybdenite associated with cassiterite in the Yinyan porphyry Sn deposit in order to constrain the age of Sn mineralization of the deposit and provide constraints on the regional geodynamic process of ore genesis.
Geologic background
The South China Block consists of two blocks involving the Cathaysia Block to the southeast and the Yangtze Block to the northwest ( Fig. 1a ; Wang et al., 2007) . As one of the major continents in Asia, the South China Block (SCB) has experienced significant, episodic intra-continental magmatism and deformation since the Neo-proterozoic (Zhou & Li, 2000; . It is a complex continental plate resulting from multiple amalgamation, breakup and re-amalgamation of the Cathaysian and Yangtze blocks during its geological historic evolution (Mao et al., 2006) . The Cathaysian and Yangtze blocks have distinctive crustal ages and tectonic histories (Qiu et al., 2000) . The basement of the Yangtze Block comprises of Archean to Proterozoic rocks exposed in the western regions (Zheng et al., 2006) while the Cathaysia Block has a widespread Proterozoic basement (Chen & Jahn, 1998; Xu et al., 2007) . During the late Mesozoic, South China was characterized by widespread and intensive magmatism, associated with the deposition of economically significant polymetallic mineralization. In the Mesozoic, especially the Cretaceous, the relationships between large-scale geological events, granite generation and related mineralization have received considerable attention from many researchers (Mao et al., 2007 (Mao et al., , 2013 Yuan et al., 2015) .
Deposit geology
The main strata of Yinyan deposit seen in outcrop are from the Cambrian Bacun group, and are composed of quartz schist and biotite gneiss (Fig. 2) . The fracture systems in the Yinyan deposit are well-developed, and are filled with the cassiterite-sulfide veins and quartzporphyry veins. Based on the field mapping and petrography observation, the intrusive rocks include granite porphyry, quartz porphyry and fine grained monzonitic granites, in which granite porphyry and quartz porphyry are closely related to mineralization. The orebearing porphyries show ellipse shapes at the surface, and the interface against the wall rocks is quite steep. Quartz porphyries crop out along the fractures in the area, and graduate into granite porphyry in depth.
There are two types of tin mineralization in the ore field: porphyry-type tin deposit and adjacent vein-type tin deposit. Most of the orebodies are distributed in the interior of granite porphyry, with some of the orebodies hosted in the quartz-porphyry veins and the fractures of wall rock. The ore grade of granite porphyry decreases from the center to the edge of the orebody, in the lower parts of which occur the Sn-Mo-W orebodies. The main metallic minerals in the deposit are cassiterite, wolframite, bismuthinite, molybdenite, pyrite, chalcopyrite, with small amounts of galena, sphalerite and magnetite. Gangue minerals mainly are quartz, sericite, chlorite and topaz, followed by fluorite, and biotite etc. Mineralization styles include disseminations and veins, exhibiting euhedral-subhedral and metasomatic-residual corrosion textures. Cassiterite shows brown and light brown in color, and coexists with other ore minerals in the following two forms: (i) disseminated or conglomeratic forms in the altered rock with grain size of 0.05-0.15 mm; (ii) showing veinlet forms in the quartz-topaz fine vein, greisen fine vein and clinochlore fine vein with grain size of 0.01-0.08 mm. In the mining district, hydrothermal alteration is dominated by potassic-silicate alteration, greisenization, and sericite-quartz alteration as well as some silicification. The mineralization is closely related to the hydrothermal alteration. Hydrothermal alteration in Yinyan ore district is well zoned, and characterized by potassicsilicate alteration in the inner zone, potassic-silicate aleration zone overprinted by greisenization alteration zone, topaz-greisenization alteration zone, and sericitequartz alteration zone in the ore-bearing granite porphyry in the outer zone (Fig. 3 , Guan et al., 1985) . The Sn-Mo-W mineralization is restricted to the potassicsilicate alteration zone overprinted by greisenization alteration zone and topaz-greisenization alteration zone. As the greisenization alteration becomes stronger, the Sn mineralization is more enriched. Correspondingly, the metal zoning is as follows: tungsten-molybdenumtin → tin-molybdenum-bismuth → tin.
Analytical methods
Molybdenite samples (Fig. 4) for Re-Os analyses was collected from the outcrop of the Yinyan Sn deposit. YY-4 and YY-5 were recovered from 111°18′2″ E, 22°2 0′32″ N and 111°18′21″ E, 22°20′27″ N, respectively; YY-7 and YY-9 were obtained from 111°17′43″ E, 22°2 0′33″ N and 111°17′56″ E, 22°20′35″ N, respectively. Re-Os isotope analyses were performed in the Re-Os Laboratory, National Research Center of Geoanalysis, Chinese Academy of Geological Sciences in Beijing.
The detailed process of analysis was described in some listed references (Du et al., 2004) . The chemical separation procedure is briefly described here. Os spike solutions and 2 mL of 10 mol/L HCl and 6 mL of 16 mol/L HNO 3 were loaded while the bottom part of the tube was frozen at -80°C to -50°C in an ethanol-liquid nitrogen slush; the top was sealed using an oxygen-propane torch. The tube was then placed in a stainless-steel jacket and heated for 10 h at 230°C. Upon cooling, the bottom part of the tube was kept frozen, the neck of the tube was broken, and the contents of the tube were poured into a distillation flask and the residue was washed out with 40 mL of water. Os was distilled twice. In the first distillation step, OsO 4 was distilled at 105-110°C for 50 min and trapped in 10 mL of water. The residual Re-bearing solution was saved in a 50-mL beaker for Re separation. The water trap solution plus 40 mL of water was distilled a second time. The OsO 4 was distilled for 1 h and trapped in 10 mL of water, which was used for ICPMS (TJA PQ ExCell) determination of the Os isotope ratio.
The Re-bearing solution was evaporated to dryness, and 1 mL of water was added twice with heating to near-dryness. An aliquot of 10 mL of 5 mol/L NaOH was added to the residue followed by Re extraction with 10 mL of acetone in a 120-mL teflon separation funnel. The water phase was then discarded and the acetone phase washed with 2 mL of 5 mol/L NaOH.
The acetone phase was transferred to a 100-mL beaker that contained 2 mL of water. After evaporation to dryness, the Re was picked up in 1 mL of water, which was used for the ICPMS determination of the Re isotope ratio. Cation-exchange resin was used to remove Na if the salinity of the Re-bearing solution was greater than 1 mg/mL.
The instrument used in this work was a TJA PQ ExCell inductively coupled plasma (ICP)-mass spectrometer. Guan et al., 1985) . Abbreviations: K-Q, potassicsilicate alteration zone; K-G, potassicsilicate alteration zone overprinted by greisenization alteration; T-G, topazgreisenization alteration zone; S-Q, sericite-quartz alteration zone.
had not been separated and would thus contribute to 187 Os.
185
Re was selected as the monitor for this 187 Re contribution.
Re-Os geochronology
The Re concentrations usually are high while the common Os concentrations in molybdenite are very low, so almost all the osmium in molybdenite is radiogenic 187 Os decayed from 187 Re. Thus, the Re-Os age is calculated with the concentrations of 187 Os and 187 Re in molybdenite using the equation: t = (1/ λ)ln(1 + 187 Os/ 187 Re), assuming the common Os in molybdenite is negligible. The decay constant of 187 Re, λ, is 1.666 × 10 -11 a -1 (Smoliar et al., 1996) . The concentrations of Re and Os and the osmium isotopic compositions of molybdenite from the Yinyan deposit are shown in Table 1 . The total Re concentrations of molybdenite range from 0.13 to 1.27 μg g -1 and common Os concentrations of molybdenite range from 0.11 to 1.05 ng g -1 . The ages of different analyses are similar to each other within error, ranging from 78.1 to 79.5 Ma for the four samples and a weighted mean age of 78.65 ± 0.98 Ma (Fig. 5) . The data, processed using the SOPLOT/Ex program (Ludwig, 2003) , yielded an isochron age of 78.8 ± 2.6 Ma and with MSWD = 4.5 (Fig. 5) , which is identical to the average of the four analyses within error, representing the formation age of the molybdenite. Guan et al. (1985) obtained a crystallization age of 80 Ma for the Yinyan granite porphyry using the whole-rock K-Ar isochron method. Fu and Chen (1992) reported U-Pb concordant age of 78.10 Ma for the granite porphyry. Although rock-forming age of Yinyan granite still lack a precise age, it is consistent with the molybdenite Re-Os isochron age within the range of allowable error, which indicates that there is probably a closely temporal and genetic relationship between the mineralization and granite intrusion. The age data show that Yinyan deposit has a close relationship with the Late Cretaceous magmatic activities in western Guangdong.
Source of ore-forming material
Based on the published Re content in molybdenite from different types of Mo deposits in China, Mao et al. (1999) suggested that the rhenium contents in molybdenite increase from a crust source via mixtures between mantle and crust to mantle (Mao et al., 1999) . Stein et al. (2001) 
Implications for regional geodynamics
South China is characterized by its Mesozoic largescale igneous event and associated mineralization (Zhou & Li, 2000; (Mao et al., 2011 (Mao et al., , 2013 , which led to large-scale continental extension, accompanied by significant granite magmatism, volcanism, and the formation of granite-related tin-tungsten mineralization. Therefore, the Yinyan deposit is thought to be the product of such a tectono-magmatic event. 
